The statistical profile of Kerala agriculture since 1960, clearly established the decrease in the area under paddy cultivation in the state. Time series analysis of acreage, production and productivity data of rice in Kerala during the five decades from 1960-61 to 2009-10 revealed the performance of this crop in terms of growth of area, production and productivity. The production of major food crop, rice, reached negative growth rates due to the declining trend of their area. The diversification of crops in terms of variation in acreage allocation has taken place due to price and non-price factors like agro-climatic conditions, labour availability, irrigation facilities, soil fertility, cost of cultivation, price levels, profitability, mechanisation etc. The change has taken place largely in favour of non-food crops and recently it is towards rubber. The real growth of agricultural crop output has declined continuously since 1960-61 compared to monetary growth, i. e, the growth in the value of agricultural crop output. Food security, particularly rice security is the vital issue for Kerala today. The data reveals that during 1960-61 Kerala had a shortage of rice of about 40.12 percent, which increased to 83.45 percent in 2009-10. The study clearly revealed the increasing demand for rice in Kerala in the coming years compared to the existing supply. This will enlarge the supply demand gap of rice in Kerala in the future years * Head of the PG Department of Economics, EKNM Government College Elerithattu, Elerithattu -Post, Nilishwar -Via, Kasaragod -Dist, Kerala, India; narankarun@gmail.com. ISSN 0975-329X   22 indicating a threat to food security bringing out a need for further increase in rice production in a sustainable way.
Introduction
Agricultural crops in Kerala are broadly divided into two classes -food crops and non-food crops. The ratio of food crop area to non-food crop area in the state in 1968-69 was 64:36. But in 1995-96 the ratio was 47:53 and in 2004-05 it was 44: 56. Present trend reveals that Kerala is being converted to non-food crop area and the ratio of food crop to non-food crop area is 12: 88. The main food crop in Kerala is rice. The area under Paddy during 1967-68 was 48 percent of the total food crop area. But in 1995-96 it was15 percent and in 2004-05 it was 10 percent. The area under rice was at its maximum in 1980-81; after which decline set in and reached 8.77 percent in 2009-10. During the span of fifty years from1960-61 to 2009-10, the state witnessed a decrease of 69.92 percent in the area under paddy cultivation. In general there is an overall decrease of paddy grown area in Kerala. The districts level decrease of paddy field area in the state was also very high. This change in the area under cultivation was mainly due to farmers decisions. Based on price expectations, labour availability, impact of government strategies, agro-climatic conditions, irrigation facilities, expected yield, cost of cultivation, soil fertility and so on, farmers decide whether to allocate their land for agricultural purposes and which of the crops to cultivate, how much area to allocate, etc, or for non-agricultural purposes (Mythili, 2006) . During 1960-61 to 2009-10, among the major crops analysed, rice and tapioca exhibited highest negative growth rates in area under cultivation. In Kerala this phenomenon takes place due to different reasons. It may be due to expected price of the crop, price of the competing crop, expected yield, variations in the climatic conditions, soil fertility, irrigation facilities, labour availability, cost of cultivation, etc. (Mani, 2009 ).
The traditional rice growing areas like Palakkad and Alappuzha have 49.93 percent and 56.97 percent decline in area during the time period from 1960-61 and 2009-10. The total rice production during the year 2009-10 also decreased tremendously and widened the supply demand gap of rice in Kerala. In this context, an analysis of trends and determinants of paddy cultivation in Kerala and the effects on food security was attempted in this study.
Methodology and Materials
The study used secondary data which was collected from various publications of the Government of Kerala like Economic Review, Statistics for Planning and Agricultural Statistics.
Compound Growth Rates of area, production and productivity of paddy for the period from 1960-61 to 2009-10 were estimated with the exponential model: Y = ab t [The growth rate (GR) has been computed using the formula: GR = (Antilog b-1)*100; The F test has been applied to test the significance of b].
To measure the relative contribution of different elements (real and monetary) to the growth of output of paddy during different periods from 1960-61 to 2009-10 in Kerala, the model used by Kurian & Joseph (1979) and Kaushik (1993) is applied in this study. Observing the value of output in period zero (V0) and in period t (Vt), the difference between the two is decomposed into eight component elements, viz, (i) change in area, (ii) change in yield per hectare, (iii) change in cropping pattern, (iv) the interaction between yield and cropping pattern, (v) the price change effect, (vi) the interaction between price and yield, (vii) interaction between price and cropping pattern effect and (viii) interaction between price, cropping pattern and yield. In equation form these eight component elements were worked out in schemes 1 and 2.
(Vt -V0) = (At -A0) Σiwi0 ci0 yi0+ At Σiwi0 ci0 (yit -yi0) + At Σiwi0 yi0 (cit -ci0) + At Σiwi0 (yit -yi0) (cit -ci0)
(In the decomposition scheme (1), the first term on the right hand side is the area effect, the second the yield effect, the third the cropping pattern effect and the fourth interaction effect, representing the interaction between yield and changes in cropping pattern).
A decomposition of the monetary component is shown in scheme (2).
Vt -Pt (wt -w0) = At Σici0yi0 (wit -wi0)
+ At Σici0 (wit -wi0) (yit -yi0)
(The first component in the scheme (2) is the "pure price effect", the second and third terms are respectively the first order interactions between price and yield rate and price and cropping pattern effect, under constant cropping pattern and constant yields. The last term is the second order interaction term between the three variables considered, viz, changes in prices, cropping pattern and yields and may be called the "total interaction effect").
The popular methodology which the agricultural economists used to discuss the determinants is the supply response models (Usha, 2006) . This model has been used in this study and the farmers" decisions are discussed in terms of area response and yield response and the following models were developed and estimated for paddy. The regression coefficients were estimated by the method of OLS. The regression coefficients were tested for their significance using t test. The expected price of the crop in period t was calculated as the weighted average of the weighted distributed lagged prices prevailing in the preceding three years. The yield risk in period t was represented by the standard deviation of yield in the past three years from period t and the price risk in period t was represented by the standard deviation of price in the past three years from period t.
The demand projections for rice for the year 2026 were obtained by using the formulae developed by Sekhon, Rangi & Dhaliwal (2008) . Dt = do*Nt (1+ y*e) t (Dt = individual demand of rice in the year t, that is, 2026, do = percapita demand of rice in the base year, that is, 2001, Nt = projected population in year t, that is, 2026, y = growth in percapita income (5 percent to 10 percent), e = expenditure elasticity of demand for rice).
Trends and Overall Growth of Paddy Cultivation in Kerala
Out of the total area, the area under rice cultivation had declined from 778. Table 1 the picture emerges that the relative contribution of rice to the total cropped area consistently declined in all the districts in the state. * -Significant at probability level 0.01 ** -Significant at probability level 0.05 Table 2 shows that rice registered negative growth rate in area, production and productivity during the overall period from 1960-61 to 2009-10 in Kerala. The table also shows that, decade wise, the crop"s growth rate was positive only in the case of productivity during the fifty years considered for study. 
Determinants of Paddy Cultivation in Kerala
Until 1970, the area under paddy remained almost stagnant, but since 1975, the Kerala farmers made a slow shift from paddy cultivation to cash and plantation crops and this shift became tremendous since 1980. In 2009-10 it was just 8.77 percent of the total cropped area compared to 33.16 percent in 1960-61. Hence it is appropriate to examine the area response and yield response of Kerala farmers to the cultivation of paddy with the help of supply response models.
(a) Area Response of Paddy
Various price and non-price factors influence the farmers" decisions regarding land allocation to various crops. The first segment includes input and output prices. These ranges from last year"s harvest price of the crop, availability of minimum support price, last year"s harvest price of the competing crop, prices of inputs like fertilisers, power, water, insecticides, etc, and availability of credit. Similarly, a lot of non-price factors also play an important role. The major factors are the last year"s acreage and yield, availability of improved seeds and irrigation facilities, rainfall, procurement prices, extension services, etc. Due to lack of information on all these variables, the findings of area response models of rice in Kerala are based on a few variables for which data are available. The results are given in Table 5 and the estimated regression coefficients were given for three periods. Table 5 . The estimated parameters of expected price, rainfall and irrigated area of previous year were positive and significant during the initial period and after 1990-91 it becomes negative. The yield risk factor during the three periods under study was found to be positive and significant; whereas the price risk factor was negative during the first period and after that it becomes positive. During the overall period from 1960-61 to 2009-10 the price risk factor was found to be negative indicating farmers risk aversion behaviour for paddy. The coefficients of yield in all the periods were negative indicating very little influence on the area decision behaviour of farmers. The area response function presented in Table 5 illustrated that irrigated area under paddy in the previous year and yield risk are the major significant factors influencing the acreage decision behaviour of paddy farmers in Kerala during the period 1960-61 to 2009-10.
(b) Yield Response of Paddy
The estimated yield response functions for paddy are presented in Table 6 . From the table, it is seen that the determinant, expected price of paddy are positive and significant during the first period.
Other variables like rainfall, expected price risk, expected yield risk and irrigated area showed negative significance during the period.
In the second period all the variables except irrigated area were positive. The risk factors turned out to be positive in the second period implies that paddy farmers since 1990-91 in Kerala were willing to adopt modern technologies to improve their yields. During the second period all the determinants found to be significantly affecting the yield response of paddy. An analysis of the overall period reveals that the expected price risk and irrigated area had negative significant value. The Table 6 shows that the expected price factor is not playing a major role in deciding the yield of paddy. The price risk factor was negative during the overall period implies the farmers risk aversion behaviour in the case of yield response also like that of area response.
A comparison of the regression coefficients of the area and yield response of rice in Kerala revealed that the coefficient of area adjustment values were higher than the values of yield adjustment. This shows that area adjustments were comparatively quicker than yield adjustments. The broad inference of the analysis of area response and yield response of paddy leads to the conclusion like that of the earlier studies (Sunilkumar, 2004; Mythili, 2006 ) that non-price factors determine area and yield response of paddy than the price factors in Kerala.
Paddy Cultivation and Food Security in Kerala
Reduction in rice production, decline in the availability of feeds to livestock, decline in the food availability, change in the employment pattern in the rural areas, decline in the income of the rural households, etc, are the important economic effects of reduction in area under paddy cultivation.
Self sufficiency of food grains has been one of the objectives of planning in Kerala (Venkiteswaran, 1984) . Among the food items, rice is the staple food of Kerala. The immediate effect of the shortage in area under paddy cultivation in Kerala is the reduction in rice production. The annual production came down to 598.34 thousand tonnes in 2009-10 from 1067.53 thousand tonnes in 1960-61. As indicated, the area under rice cultivation has declined continuously over the last 50 years. The conversion of rice lands decreased the supply of rice in Kerala over the years. In view of the increasing demand for rice, it is felt that the radical transformation of paddy fields into gardens or orchards of rubber and other crops will accentuate the food problem of the state in the long run. Therefore an attempt has been made to calculate the demand for rice in Kerala up to the year 2026 under different scenarios of growth in income (5 percent to 10 percent). The results of the projected household demand for rice in Kerala are presented in Table 8 . It is estimated that the household demand for rice in Kerala in the coming years compared to the existing supply as shown in Table 7 will enlarge the supply demand gap of rice in Kerala in the future years indicating a threat to food security and revealing further increase in rice production in a sustainable way.
Conclusion
The major food crop rice in Kerala shows negative growth rate in area in all the decades except 1960"s and the decline was highest in the fourth period. The decline in area is due to the large scale conversion of area to other crops like coconut and rubber. During the overall period the compound growth rates of area, production and productivity of rice were negative. The production of rice also reached at a negative growth rates in Kerala due to the declining trend of area. From the analysis of the decomposition of output growth into real and monetary components of rice in Kerala studied during different periods in the reference period, the general conclusions derived are: there are fluctuations in the overall growth of crop output in Kerala over different periods, there is a perceptible increase in the monetary growth and decline in the real growth of crop output in Kerala from period I to period V and price factor is the major element in determining the relative contribution of different elements to the growth of crop output.
In area adjustments, past year"s area, irrigated area and yield risk were found to be the most significant factors influencing the acreage decision behaviour of paddy farmers. Past years yield and expected price were the significant factors influencing the yield response of paddy during the first period. In the second period the risk factors also turned out to be positively significant, indicating farmers" decision to adopt modern technologies to improve the yield of paddy.
Over the 50 years from 1960-61 to 2009-10, the area under rice was at its peak in 1980-81 and then continuous decline set in. Rice lost the maximum area during the period. The substitution of other crops at the cost of rice has far reaching implications for food and price policies. The continuous increases in the price of food grains, particularly rice recently, affect the poor population adversely than before.
The conversion of rice lands decreased the supply of rice in Kerala and widened the supply demand gap of rice. During 1960-61, the shortage of rice was only 40.12 percent of the total demand increased to 83.45 percent in 2009-10. In the coming years, the total demand for rice will again increase and it is estimated that in 2026 AD it will be 10606.55 thousand tonnes in Kerala. The situation of rice production in the state can be augmented only through increase in yield. Yield can be improved by adopting better technology involving adequate, efficient, effective right type of inputs. In the paddy sector strict enforcement of various existing laws relating to land use pattern should be followed by the revenue authorities. Keeping in view the sustainability and ecological problems created by crops like rubber in the form of land degradation, ground water depletion, chemical pollution, etc, there is a need to introduce various strategies for diverting areas from these crops to rice.
